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I, Dr. Joseph Patti, Ph.D., declare and state as follows: 

1 . I am the first-named inventor of the above-identified patent application, and I am 
currently the Vice President of Clinical Research for Inhibitex, a company that specializes 
in products and research regarding extracellular matrix proteins and monoclonal 
antibodies generated thereto including those embodied in the present invention. In 
addition to being a co-inventor of numerous US Patents in this general field, including 
most recently U.S. Pat. No. 6,288,214 for Collagen Binding Protein Compositions and 
Methods of Use, U.S. Pat. No. 6,680,195, for Extracellular matrix-binding proteins from 
Staphylococcus aureus, U.S. Pat. No. 6,685,943, Fibronectin binding protein compositions 
and methods of use, and U.S. Pat. No. 6,692,739, Staphylococcal immunotherapeutics via 
donor selection and donor stimulation, and I have also authored or co-authored numerous 
journal articles in this field. I am thus well familiar with the subject matter of the present 
invention. 

2. The present invention was developed in an effort to obtain a monoclonal 
antibody recognizing the ClfA protein which could also be shown as protective against S. 
aureus infection. As the Examiner recognizes in the outstanding Official Action, despite 
the long knowledge of the ClfA protein, such as described in U.S. Pat. No. 6,008,341 cited 
by the Examiner, no one had previously actually produced a monoclonal antibody to the 



ClfA protein, much less one with any reasonable expectation of success in providing 
protection against staphylococcal infection. While the technology for producing 
monoclonal antibodies has been long established, such as shown in the Kohler et al 1975 
Nature article cited by the Examiner, it has been very hard to predict with any certainty 
which monoclonal antibodies to which proteins, or fragments or domains, will result in 
antibodies capable of afforded protection against infection. 

3. A perfect example of the uncertainty in this field is shown in the attached 
Abstract from the article Ichiman et al., Can J Microbiol. 1991 May;37(5):404-7, attached 
hereto as Exhibit 1. In that article, the authors disclose the fact that passive protective 
activities of three different classes of monoclonal antibodies in mice against challenge 
with strain ATCC 31432 (capsular type I) of Staphylococcus epidermidis were 
examined, and that while the monoclonal IgM antibody did passively protected mice 
against challenge with the homologous strain, "monoclonal lgG1 and lgG2b antibodies 
did not." It is thus very uncertain as to which monoclonal antibodies will function at all to 
provide adequate protection against infection. It is also uncertain with any given region 
within a target protein which monoclonal antibody against which target region will be 
successful in protecting against bacterial challenge. 

4, Accordingly, before one actually goes forward with attempting to prepare a 
monoclonal antibody based on any particular surface protein, there are no guarantees 
that such an antibody can be adequately produced, much less with any certainty that 
the resulting monoclonal antibody will have success in achieving protection against 



infection. It is also uncertain as to which particular epitope of any particular protein will 
result in a protective monoclonal antibody. It was thus an unexpected result that 
monoclonal antibodies raised against the ClfA protein by my inventive group provided 
excellent results in achieving protection well beyond that which would have been 
expected by one of ordinary skill in the art. 

5. The success of our results has been documented in a recent article published 
in the journal article, Hall et al„ Infect Immun. 2003 Dec;71(12):6864-70, entitled 
"Characterization of a protective monoclonal antibody recognizing Staphylococcus 
aureus MSCRAMM protein clumping factor A." A copy of this article is included as 
Exhibit 2, and a summary of the key results from this article is attached hereto as 
Exhibit 3. In this article, monoclonal antibody 12-9 as described and claimed in the 
present application was tested for its ability to immunize mice against infection from 
Staphylococcus aureus. As shown in the article, not only was the monoclonal antibody 
12-9 able to inhibit fibrinogen binding to ClfA, the anti-ClfA monoclonal antibody of the 
invention was observed to protect mice against MRSA-induced mortality. As the data 
showed, mice treated with the anti-ClfA monoclonal antibodies in accordance with the 
invention, in one experiment, there were significant differences in the relative survival 
times between the anti-ClfA treatment groups and control groups in that fifty-seven 
percent of the mice that received mAb 12-9 survived the bacterial challenge to day 15 
(P<0.0001 , Figure 5A), whereas in contrast, only 10% of the mice treated with the 
control mAb survived the study period. 



6. Additional studies as evidenced in Exhibits 2 and 3 also showed similar results. 
A study designed to assess the biological impact of inhibiting S. aureus binding to 
fibrinogen in a severe in vivo model of S. aureus induced mortality once again showed 
that mAb 12-9 with inhibitory activity provided the best protection (p=0.006) (Figure 5B) 
of all the antibodies tested. This trend in data was reproducible in at least three 
different experiments which all showed the overall protective efficacy provided by the 
mAb 12-9. To our knowledge, the unexpected beneficial results obtained by use of the 
monoclonal ClfA antibodies of the present application were not only the first report of a 
successful monoclonal antibody to ClfA, they were the first report of a monoclonal 
antibody against any cell surface protein from S. aureus that demonstrated significant in 
vivo protection. 

I hereby state that all statements made herein based on my own personal 
knowledge are true and correct and that all statements based on my information and belief 
are true and correct to the best of my knowledge, and further that all of these statements 
have been made with the knowledge that willful false statements and the like so made are 
punishable by fine or imprisonment, or both, under Section 1001 of Title 18 of the United 
States Code and that such willful false statements may jeopardize the validity of the 
application or any patent issued thereon. 



Date Dr. Joseph M. Patti, Ph.D. 
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Monoclonal IgM antibody protection in mice against infection with 
an encapsulated strain of Staphylococcus epidermidis. 

Ichiman Y, Usui Y, Suganuma M, Yoshida K. 

Department of Microbiology, St. Marianna University School of Medicine, 
Kawasaki, Japan. 

Passive protective activities of three different classes of monoclonal antibodies in 
mice against challenge with strain ATCC 3 1432 (capsular type I) of 
Staphylococcus epidermidis were examined. Monoclonal IgM antibody passively 
protected mice against challenge with the homologous strain, whereas monoclonal 
IgGl and IgG2b antibodies did not. The protective activity of IgM was absorbed 
by the cell surface antigen extracted from the homologous strain but not by the 
antigen from heterologous strains. Rapid reduction of viable cells took place in 
the peritoneal cavity of mice immunized with monoclonal IgM as early as 6 h 
after the challenge with the homologous strain. An enzyme-linked immunosorbent 
inhibition assay showed there was remarkable inhibition with the homologous cell 
surface antigen but not with heterologous preparations from other strains. Results 
suggest that in the mouse the major passive protection against the S. epidermidis 
strain is provided by the IgM antibody to the cell surface antigen. 
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Characterization of a Protective Monoclonal Antibody Recognizing 
Staphylococcus aureus MSCRAMM Protein Clumping Factor A 

Andrea E. Hall,' Paul J. Domatiski, 1 Pratiksha R. Patel, 1 John H. Vernachio, 1 Peter J Syribcys, 1 
Elena L. Gorovits, 1 Michael A. Johnson, 2 Julia M. Ross, 2 Jeff T. Hutchins, 1 

and Joseph ML Patti'* 

Inhibitor, Inc., Alphareita, Georgia 1 and Department of Chemical and Biochemical Engineering, 

University of Maryland, Baltimore, Maryland 2 

Received 6 June 2003/Rc turned for modification 2] July 20llVAccepted 2 September 2003 

The Staphylococcus aureus MSCRAMM (microbial surface components recognizing adhesive matrix mole- 
cules) protein clumping factor A (ClfA) has been shown to tie q critical virulence ractor in several experimental 
models of infection. This report describes the generation, characterization, and in vivo evaluation of a murine 
monoclonal antibody (MAb) against ClfA* Flow cytometric analysis revealed that MAb 12-9 recognized ClfA 
protein expressed by all of the clinical S. aureus strains obtained from a variety of sources. In assays measuring 
whole-cell S, aureus binding to human fibrinogen, MAb 12-9 inhibited 5. aureus binding by over 90% and 
displaced up to 35% uf the previously adherent S. aureus bacteria. Furthermore, a single infusion of MAb J2-9 
was protective against an intravenous challenge with a methicilim-resiytant strain of S. aureus in a murioe 
sepsis model {P < 0,0001). These data Suggest that anti-ClfA MAb 12-9 should be further investigated as a 
novel immunotherapy for the treatment and prevention of life-threatening S, aureus infections. 



Staphylococcus aureus is an important pathogen that contin- 
ues to cause a significant number of community-acquired (30) 
and nosocomial infections (39) worldwide. The sophisticated 
interplay between the host and bacterium is still not completely 
understood; however, Successful colonization is presumed to 
be the defining event leading to initiation of an infection, 
MSCRAMM (microbial surface components recognizing ad- 
hesive matrix molecules) proteins arc a family of cell surface 
adhesins that recognize and specifically hind to distinct extra- 
cellular components of host tissues or to serum-conditioned 
implanted biomaterials such as catheters, artificial joints, and 
vascular grafts (14, 33). Once S. aureus has successfully ad- 
hered to and colonized host tissues, expression of specific 
genes is altered, contributing to a phenotype that is more 
resistant to eradication by antibiotics (7). Therefore, interven- 
tion that impacts early events in the infectious process may 
lead to a beneficial clinical outcome. 

The dramatic increase in metnicillirt-rcsistant bacteria, cou- 
pled with the recent emergence of vancomycin -resistant iso- 
lates (3), has accelerated and broadened the interest in devel- 
oping novel therapeutics against S. aureus. MSCRAMM 
proteins provide an excellent target for immunological attack 
by antibodies. Antibodies against MSCRAMM proteins exhibit 
al least two biological properties. Initially, the highly specific 
antibodies prevent microbial adherence (6, 22, 27, 38, 49), as 
well as recolonization of host tissues or biomaterials. Secondly, 
the increased level of MSCRAMM protein antibodies bound 
to the bacterial cell wall facilitates rapid clearance of the or- 
ganism through opsonopbagoeytosis (32, 40). 

Clumping factor A (ClfA) is an MSCRAMM protein ex- 
pressed by S, aureus that promotes binding of fibrinogen and 



* Corresponding author. Mnlling address: Inhibilex, Inc., 1 165 Sanc- 
tuary Parkway „ Suite 400, Alpharctta, OA 30u04. Phone: (67«) 746- 
1 J44- Fax: (678) 336-1214. E-mail: jpatti#inhibiiex.com. 



fibrin to the bacterial cell surface (23, 25). ClfA is the prototype 
of u recently identified multigcne family of cell surface proteins 
characterized by a common domain composed of a unique serine- 
aspartate repeat (17 k 31). MeDevitt und colleagues (23) originally 
cloned the gene encoding the fibrinogen-hinding protein and 
showed that the clfA gene encodes a 933-amino-acid polypeptide 
that contains structural features characteristic of many cell sur- 
face-associated proteins from gram-positive bacteria, including a 
typicat cell wall attachment region comprising an LPXTG motif, 
a hydrophobic transmembrane sequence, and a positively charged 
C terminus. The fibrinogen-binding domain of ClfA has been 
localized to a 218-rcsiduc segment within region A (22), Initially 
recognized for its role in fibrinogen binding, ClfA has recently 
been shown to mediate direct binding to human platelets (4, 44). 
The biological role of ClfA has been evaluated in experimental 
animal models Of septic arthritis (16) and infective endocarditis 
(29, 48). (n both models, isogenic mutants unable to express ClfA 
exhibited significantly reduced infeetivity compared to comple- 
mented strains. These data were further corroborated hy studies 
in which the clfA gene was cloned into a shuttle vector and 
expressed on the surface of Streptococcus gordonii (48) and Lac- 
tocrjecus lactis (37). The expression of clfA by the carrier strains 
conferred a significant increase in their ability to cause endocar- 
ditis in a rat model. In addition to studies involving genetic ma* 
nipulation of the clfA gene, passive-immunization studies of mice 
with anti-ClfA antibodies have shown protection against S> aureus 
septic arthritis and sepsis-induced death (16). Taken together, 
these data indicate that ClfA is a valid target for the development 
of novel immunotherapeutie agents. 

This report describes the identification, characterization, and in 
vivo evaluation of a murine monoclonal antibody (MAb) against 
ClfA, MAbs were selected on the basis of their ability to inhibit 
ClfA binding to fibrinogen, their kinetic profile, and their in vivo 
activiLy. A panel of more thim 2,000 clones against ClfA was 
initially generated, and on the basis of affinity for ClfA and potent 
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inhibitory activity, one MAb, designated 12-S>, was selected for 
further study. The data presented here demonstrate that MAb 
1 2-9 provides protection against a heterologous .$'. aureus chal- 
lenge in a mouse model of sepsis and also possesses the desired 
biochemical characteristics of a MAb that could lead to a novel 
therapy for the prevention and treatment of life-threatening *S. 
aureus infections. 

MATERIALS AN|> METHODS 

ClfA pro it in expression. I3y PCR. the A domain of rtfA (Clf40. representing 
amino acids 40 lo 55 1 )) or an N-tcrminal truncated version (Clf33, representing 
amino acids 221 to 550) wot amplified from .V. aumm Newman genomic DNA 
ami subeloncd inn* EscfKrichia ctjfi expression vector pQE-30 (Qiagcn, Valencia, 
Calif.) for the expression of a iep*nbinant fusion protein containing un N- 
tcrminal <ix»h»Midiiic-residue tag us descrihed previously (24). The concentration 
of purified ClfA protein was analysed with u bicinchoninic acid amuy (Pierce 
Biochem., Rocklord. ill,), Protein ptuily was assessed hy sodium dodccyl sulfate 
( SDSj-pntyiicrylamidri gel electrophoresis and endotoxin levels were analyzed by 
Unutfus arnehbcyie lysate Rssuy (Charles River, Wilmington. Mass.). 

Mice and immunization*. Female liALB/c mice, 4 to 6 weuLs old, wore 
purchased from Taeonic (Gfcrnvaniown. N.Y:). Mice received a subcutaneous 
primary #mi0n of 50 ug of rClfA(22l-55l)) or rClfA(4(J-55 < i) emulsified in 
complete b'reund s adjuvant (Sigma. St. Louis, Mo.). Fourteen days postinjee- 
lion, mice received an intravenous (i.v.) injection of Ml p.g of rClfA(22l-.mi) or 
rClfA(40-559) in pliosphaie.rujffercd saline (PBS). Three d;iy* |n*l i,v, injwtkin. 
mice were sacrificed by CO* asphyxiation and spleens were removed for cell 
fusion, All mice were maintained in accordance with National Institute* of 
Health animal hiKhaadry standards. 

MAb production. Lymphocytes prepared fr<wi each spleen were fused to an 
SP?X?-Agl4 (ATCC IStfl) myeloma cell line and subsequently plated in liypiwan- 
tliine-amirk^tCi'inMhyrrtidint; selection medium. Polyethylene glycol 'induced cell fu- 
sion, Mihs^tiuenl plating, and feeding were all performed in accordance with the 
proriuction-oF-MAhs protocol in Cumtit Pmfnmh in hwnutwhjy (51). Resulting 
hybridonifls were screenud |4 dsiys following fusion by enzyme-linked imommwor* 
bent aviiiy (liLISA) lor antibody recognition of rCUA(40*5$ u ) w descrihed below, 
f iw independent fusions were conducted w generate the panel of ClfA clones. 

ELI S A. -Antibody supernatant* thm hud ait optical density ;it 405 nm that was 
three or more times the hnckgrournl (medium alone) were considered positive. 
ELISA-posilive Clones were kept for further study by expansion into 24-weII 
tissue culture plates and subsequent tingle-cell cloning. 

Measurement of MAh hhulinn by U I Aeorc. Surface plasmon resonance (BtA> 
COi'o 30(10; (JIAeore, Piscatuway, N.J.) was used u-t test fcLlSA-positive clones for 
the ability to hind to rdfA(40-.SStJ) and for the ability to inhibit the in (eviction 
between rClfA(4fl-559) anil humun fibrinogen (Enzyme Research t^ih, South 
Bend, Ind.). Throughout the analysis, the flow rate rem: lined contttinl ut 20 
M-t/rtim, Urielly, a rabbit anti-mouse Fey antibody waji amine coupled to a CM5 
chip (BlAcorc). Test supcrmdanis wiire mo over the Fry chip to allow hmtliflit 
of the test antibody via thi» Pc region. At time zero, rClfA( 40-55*)) at a concen- 
tration of 30 (t-^'nl was injected over the chip for 3 m in, followed by 2 mm of 
dissociation, at which time n 100-ng/ml solution of human fibrinogen in HEPES- 
hutferud Hul'mt: (ItJAeore) was run over the Fc-y complex. The /irs| phiiffc of the 
;trialy.<ii.« rnv«i»ircd the relative asstxriution und dissiwuieHition kinetics of the 
interaction, while the second phase of the reaction was used to determine the 
inhibitory activity of ihe. capiured MAb. 

Antibody -te-.de-up awl purification. Each single-cell cloned hyhritlom;i was 
gf<>wij in 7 lilurs of Dulbccco's modified En isle's nteiliinn containing 10ft fetal 
bovine serum (HyClone. Log:m. Uinh), I n>M snilium pyruvate (Sigma), and 2 
mM L-glutamine (Sigma) in a 10-liicr spinner fl;tsk within a humidified /1 7°C 
10% COj incubator. HyhridOitia wipenjiiUmts were hnrvesied by centrifugal Um 
at 4°C and (2,f»2ft X and k^pi al -2(rfJ until puriHcation. 

To purify ihe MAIh, Kopern at ants were passed through t1.i-uo<«pt»re*»iw« til- 
ler'A and the immunoglobulin G (I»G) was afiiniiy purilied by protein G chro- 
ni:ilO>;njpl>y. The MAbs were elutcd with 0.J M glycine, pi I 2,7, and immediately 
neutralized with 1/10 volume of 2 M Tris, pi ! S.0. Samples containing antibody, 
as assiCK«ed by SDS-piilyaciylamide ^el electrophoresis, were ptwled, and the 
purified IgG was dialy?e/» against 10 mM NaHjPO.r0. 15 - M N«a •».WH% 
Tween 80. pi I 7.4. "Ilie purified antibody was concentrated whh AmieiMi uftni- 
fdtration units and stored at 4°C. 

ELfSA-ha»d InhlhitiAn assays immuJau 2-HH high-binding %-well nueroii- 
ter plates were coated with I u.$ of i'ClfA(4tJ-559) per ml in I x PUS, pH 7.4, and 
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incuhiited overnight at 4 U C. Ei^hiceii Unwn later, the ptaiex were washed and 
blocked with a \% bovine serum albumin (BSA) solution for 1 h. Purified 
uniibiKlivN (anti-CH'A IgGl MAhs 12.4. |5L*Cft, and 354152 amj isotype control 
MAb CRL-1771) were- diluted in ix PBS-U.05% Tween 20-0.1% BSA. Plates 
were washed, and twofold seriol diluiion^ of purified antibodies were performed 
across the plate starting from 10 i^g/ml. Plates were incubated with purified MAh 
for 1 h at roxmi tenip^rauiro. Following iiieut^iikin with iintibody, 20 u.j» n|" 
human fibrinogen per ml was added, ihe plates were incubated for 1 h at 37*C 
iimi wi^liiru", and a 1:4,000 dilution of goal a nti-fihrinop,en -horseradish peroxi- 
dase <Ahcam Lid., Cambridge. United Kingdom) in l x PBS-Q.<£% Twuen 
20-0.1% RSA wa> added. Following ineuhalion for 1 h at mom temperalun;, 
plaicK were washed and a 1:1 2,2'-a/inobis(3-ethylrierWllu:i/o|iriesuironic acid) 
(AHT5)-H20> suhstrale mixhiro (KI'L Gaithershiiru., Md.) was added. Plates 
then incubated for Itl min at room temperaiure, the reaction was stopped by 
addition or 10% SDS. and nhsorbawe w\\>, re:»d at 405 nm with a SpectraMax I VO 
Plate Reader (Molecular Devices Corp., Sunnyvale, Calif.). AH data wli'i; ana- 
lyzed with SOFTmaK Pro v3.i.2. smftware (Molecular Devitus Corp.). 

Bueterial strains, 1 wenly-six S. rfrt/WM siraiiK representing both cttmrnunily 
acquired and hospital-acquired isolates and representing different clonal com- 
plexes (10). were received from John Minogue (John Raddiflfc Hospital, Oxford, 
United Kinsdoin). Strain:; 5ft0 (SALI). 20.1 (SAL2), 451 (SAL4), 20fi (SAl^). 
and »7 ($A1^) (5) were received from Michael Gilmore (Univc/siiy of Okla- 
luima Health Sciences Conter). Clinical isolates 40, IKV, 203. and 4r)4o were 
received from Brad Alien (Indiana University fichiKU Medicine). Methieiltin- 
resistant $. muvm ( M RSA) strain 67-0 wils received from Arnold Bayer ( I larhor- 
UCLA), and Newman wild-type (WT) and mutant strains (2.?) were received 
from Timothy Foster (Trinity Collvge. Dublin, Ireland). 

Flaw cytometry. MAh 12-9 or I»G1 isotype conintl MAbCRL-1771 was added 
to appropiiale lubes containing the appropriate bacterial solution, vortexed. and 
incubated on ice for 30 min. Following incubation, the t«he.s were ccntrifuged 
and the supernsjium was decanted, resuspended, and ihen washed twice more hy 
Cerilrifugalion. After the f nnl wash, the bacterial pellets were resyspended in a 
dilution of plweoeivi linn -conjugated F(ab')> fragmenr :irul incubated on ice. The 
bacteria were washed twice with bufler, transferred to analysis tuhes, and then 
stored <tn ice; until analysis with a Bee ion lJickinson FACScalibur tlt>w cyiomeier, 
Tlie Inheled cell suspensions were aspirated through the tli»w eytom^icr. and a 
fluorescence emission itieasurement (excitation wavelength, 4X8 nm: emission 
wavelength, 570 nm) was performed in which at least. 10JMK1 events were cul* 
Iceied and analyzed with the Ceil Qiu»i M>|'iw«re provided with the fltiw eytom- 
cler. Aggregates and debris weix- mniited from the analysis hy gating p^>pulalions 
on the biisis of the li^lu st::iMcr signal. A marker region win established for each 
strain to include less than UV/r of the g:ited events as positive fur CR1.*I771 
(serving as an Lu«yj>e-rti;nehi;d negative control). The lisuihtjshed region was 
used to determine percent positive events for the |2»*> MAb for each strain, lit all 
e;iNe.\, the background fluorescence recurded with bacteria wijh f(af*') : goal 
anti-mouse IgG-phyCueryihrin alone was less than that oWyined for CRL-1771. 

pjmilef-phite H«w chamber and vidi-o micnismpy system. The details of die 
parallel pl:i(e. How chamber, the proieln-euiUing procedure, and the videc» mi- 
croscopy system have been pfcviuusly o'escrihed (20, 26, 28). Fibrinogen wh* used 
to coat the glass slide at room temperature to yield a final concentration of 9.8 
1 0.9 u.vt/em~-, 

Nrtavbmcnt assay pri^rfurc. To negin the detachment assay, this cell suspen- 
Kttm was passed through the iKiw fieltJ ;it a shear rate of 30lJ s" 1 uiiiJ) :iripn»jtiniateJy 
live eelk attached per field of view. *nie (inw was then stopped, and celts were 
allowed t<» settle to the nhiinogun surface for approximately 4 to 5 min, when 30 to 
4(1 cells attached pL-r fiinite. pie percent surface coverage hy the attached ccIIf was 
less than iu all eases, P&S buffer was ilwn pissed thn^gh the Kyslem for 3 min 
iii a shear rate of 3M s 1 to remove unattached cells, Firailty, the jntiht>dy s<ilui«»n 
(concentrations of 0.006 ro0.tu7 nmof/llter) was passed throtfi{h the Oiw lield «it the 
desired shear ones (NXt, 301.), and LOGO s ') for It) min. T\\vsu sheiir rates corre- 
spond to .shear Mresses in the range of 0.70 io Ifi iryjie^ em - -, Imitges were acquired 
eveiy muttue lor 10 min. The number of celts iUtadieO per frame was determined 
with Mill Image. Control experiments eonsisteO q\' passing PBS or an irrelevant 
isinype-rruttched mouse antthody ICRI.-I771) in place of the MAb solution for the 
10 min at the desired shear rate. All detachment assays were run in triplicate, ami thr 
values reported represent the mean and standard error of the menn. Analysis nf 
variance w:is used in ileturrnlin; statistical significance at a confidence level of **5*if 
(« - (KtV). 

Jn vivo sepsis study. MRSA clinieul isohm; 67-ti {clfA { cl0' f»h^) bacterial 
cells were taken front a frozen glycerol stock, inoculated onto a single hUnu! ;igar 
plate, ami );r«»wn for 24 h at 37°C. Numerous bktud ;ig;ir ptales were inoculated 
from this pt;jtc: and incuhnted overnight. The haetcria were then collected, 
washed Hiree times with PBS, and resuspended in freezing medium. The baele- 
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rial stock wu» uliquuicd, snup-frnxcn in an cthamtf-dry-icc hath, and placed in a 
- RtPC freezer. On the day of injection, afiquolK were thawed, combined inio one 
tube, vortexeiL and diluted to the appropriate concentration. The final concen- 
tration of organism* was calculated by plating on hlood agar. 

Female BALB/c mice. 5 to 6 wecta of age> were purchased from Taconic, Mice 
were allowed to yectimate for at least 7 days, randomized, and assigned to treatment 
groups with stratified hotly weights All mice were ptati on ;< \2-h li^ht-dark cycle 
under the required husbandry standards found in the National Institutes of I Mdi 
. Guide for thu Can and Use of Labormoty Animate. In the first experiment, on day - 1, 
mice (3() per group) wen? treated intnipcriioncqlly with fU tngof purilicd MAh 12-9 
or MAh 35-051 On day U, the mice wvre challenged wiih 2,0 x K) 7 CPU of MRSa 
67-u by a single i.v. injection (0.1 ml) via the tail vein. Alt animal* were followed 
for 14 to 15 days, at which poinf all remaining mice were sacrificed. The second 
animal experiment was conducted a* previously described, except (hat nonirihihiiing 
MAh l5ECfi was used as a test agent. In addition. 5. aimm strain Newman {cl/A " 
dfB * frib *") was used as the challenge Organism 

Statistical analysis, Statibtica! evaluation of stirvivul studies was carried mtf by 
Kaplao-Meiee analysis. Means and standard deviations were calculated (Mi- 
vroiioft Excel) and nwrviyal duin wtitt annlyiwd with GnphM 1 * Pei^m ViiVs'uui .V 
statistical analysis software. Determination of significance was conducted with ;i 
two-tailed log rank test (Mantel-Haenszcl test). P <: 0.05 was considered to be 
statistically significant. 



RESULTS 

Characterization or CirA MAbs. Hybridoma* from the 
spleen fusions were first screened by ELISA lor binding to 
rClfA{40-559). As a secondary screen, hybridoma clones were 
analyzed for high-affinity interaction with ClfA by BIAcore. 
Antibodies that were BIAcore positive were selected and sin- 
gle cell cloned by limiting dilution regardless of their ability to 
inhibit fibrinogen binding to ClfA. Antibodies from single-cell 
clones were isotyped with a mouse immunoglobulin isotypi rig 
cytometric bead array kit (BD Pharmmgen). All of the MAbs 
described in this study were determined to be of the IgOl 
subclass (data not shown). Through the use of this selection 
strategy, we were able to screen thousands of hybridoma clones 
and quickly identify hybridomas of interest for scale-up and 
further study. 

BIAcore analysis was subsequently used to assess whether 
the ClfA MAbs could inhibit ClfA binding to immobilized 
fibrinogen, 3f Acore was also used to determine antibody bind- 
ing kinetics. Figure t shows the binding characteristics of two 
ClfA MAbs, 12-9 and 15EC6. Both MAbs effectively bound 
rClfA(40-559), as shown by an increase in the number of res- 
onance units (RU) during the ClfA association phase (points D 
to C) and demonstrated a slow disassoeiation phase (points C 
to D). Binding of fibrinogen to the antihody-ClfA complex was 
shown by the increase in the number of RU from point D to 
point £ upon the injection of fibrinogen. While fibrinogen 
Clearly hound to the 15EC6-ClfA complex (with a difference of 
8011 RU), the binding of fibrinogen was significantly inhibited 
in the case of the 12-9-ClfA complex (with a difference of 200 
RU), suggesting that MAb 12-9 recognizes a site on ClfA that 
is involved in fibrinogen binding. In addition, kinetic analysis 
for MAb 12-9 interaction with ClfA demonstrated an apparent 
k„ of 1.99 x 10* M" 1 s~ l and a k u of 4,18 x 10" 4 s" \ while K d 
was calculated to be 2. 10 x 10"'" M. 

Functional characterization of MAb 12-9. MAb 12-9 was 
chosen for further characterization on the basis of its ability to 
inhibit fibrinogen binding to ClfA. Figure d demonstrates the 
ability of MAb 12-9 to inhibit fibrinogen binding to ClfA, 
compared to 15EC6, a ClfA MAb that previously showed no 
inhibition by BIAcore analysis. While the IgGl murine isolype 
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FIG, 1. Characterization of protein interactions by BIAcore. The 
binding characteristics of anti-ClfA MAbs 12-9 (solid line) and 1SEC6 
(broken line) compared to those of buffef alone (dotted line) were 
studied by BIAcore. The progressive real-time analysis begins at time 
point A, when the MAb of interest was adsorbed to the chip via rabbit 
anti-mouse FC7 antibody binding. At time point B, t CIfA(40-559) was 
injected Over the chip. Point C represents Lhe terminaliun of the ClfA 
injection over the chip. Point D represents the initial injection of 
fibrinogen over the MAb-ClfA complex, while point E represents the 
termination of the fibrinogen injection over the chip. 



control CRL-1771 (American Type Culture Collection) and 
I5EC6 showed little inhibition, 12-9 completely inhibited fi- 
brinogen binding to ClfA, yielding a calculated 50% inhibitory 
concentration of 0.21 ^g/ml. In comparison, CRH771 and 
I5EC6 never achieved 50% inhibition within the antibody con- 
centration range tested in this study. 

Surface recognition of ClfA by MAb 1 2-9 among a pane! of 
5. aureus strains/ The ability of MAb 12-9 to recognize the 
native ClfA protein was analyzed by flow cytometry. Twenty- 
one 5. aureus isolates, including representatives of 11 different 
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FIG. 2. Antibody-dependent inhibition of fibrinogen binding to 
rClfA(4U'559). Anti-ClfA MAbs 12-9 (filled triangles) and 15EC6 
(filled circles) were tested at various concentrations (0 to 10 j^g/m!) for 
the ability tu inhibit human fibrinogen binding to rClfA(40-559) com- 
psi red to that of isutypc control CRL-1771 (open circles). Data are 
representative Of at least three independent experiments. 
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TABLE 1. Recognition of native cell surface expression of ClfA by 
MAb 12-9 among a panel of S. aureus isolates 



Strain 


Sequence 
type 


Clonal 
complex 


Positively stiiining cells {%) 
MAbCKL>]77l MAb 12-9 


476 


I 


1 


0.17 


95.01 


451 


. 5 


Ad 


0.19 


81.57 


315 


a 


3 


0.68 


9188 


837 


12 


4 


0.27 


Ht\ OA 


207 


15 


5 . 


4.05 


92.80 


160 


34 


7 


0,7(> 


97.31 


16 
(if 


25 


8 


0.66 


83.58 


959 


34 


9 


8.W 


94.11 


% 


47 


10 


0.88 


92.00 


863 


20 


11 


0.79 


70.84 


150 


09 


14 


1.25 


48.79 


MRS A 67-0 


ND" 


ND 


1.25 


60.97 


560SAL1 


ND 


ND 


6.64 


58.27 


203 SAL2 


ND 


ND 


2.45 


88.42 


451 SAL4 


ND 


ND 


2.48 


67.07 


20ft SAL5 


ND 


ND 


2.88 


74,27 


397 SAU 


ND 


ND 


0.52 


96.04 


Newman WT 


ND 


ND 


8.82 


33.21 


Newman xpavJkan 


ND 


ND 


5.85 


71.8 


Newman ctfA.vmr 


ND 


ND 


1.98 


1.71 



" ND, not determined. 



clonal genotype complexes < 10), five highly prevalent phyloge- 
nctie S. aureus lineages (SALs) (5), and one clinical MRSA 
isolate were tested for reactivity against MAbs 12-9 and CRI ..- 
1771 (an isotype control). &: aureus Newman WT (from which 
the clfA gene was isolated), an 5. aureus Newman ClfA knock- 
out strain (Newman clfAyjernr), and an 5. aureus Newman pro- 
tein A knockout strain (Newman sptv/Mn) served as controls 
in these studies. Table 1 shows that MAb 12-9 binds the surface 
of every bacterial strain tested, with the exception of the $. 
aureus ClfA knockout strain. These data demonstrate that the 
epitope within ClfA that MAb 12-9 recognizes is highly con- 
served throughout clinically relevant S. aumis strains. Inter- 
estingly, other ClfA MAb* previously identified, but not char- 
acterized in depth, recognised only a subset of the strains 
represented in Table I (data not shown). 

Antibody-dependent inhibition or adhesion at various shear 
rates. To measure the functional significance of inhibiting fi- 
brinogen binding to ClfA expressed on the surface of 5. aureus, 
we measured the dynamic binding and attachment of whole 
cells to fibrinogen-coatcd glass with a parallel-plate flow cham- 
ber. S. aureus Newman WT cells adhered to the fibrinogen- 
coatcd glass at shear rates of 100 to 1 T 000 s 1 (Fig. 3). Inter- 
estingly, the number of attached cells was uniform between 
shear rates of 300 and 2,300 s~ l (data not shown). This con- 
Stunt adhesion rate at high rates of shear (300 to 2,300 s" 1 ) 
indicates that 5. -aureus binding to fibrinogen is not shear sen- 
sitive in the physiologic shear stress range. Inhibition of 5. 
aureus Newman WT cell adherence to fibrinogen was demon- 
strated by preincubation with MAbs as shown in Fig. 3. It is 
important to note that the Newman ClfA knockout strain dem- 
onstrated a drastically reduced binding rate (<20 ceils/min ■ 
mm 2 ; Fig. 3; ClfA"). While the binding rate of the Newman 
WT strain incubated with l2- l > is slightly higher than that of the 
Newman ClfA knockout strain, studies have shown there was 
no statistically significant difference between the adhesion 
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FIG. 3. Inhibition af adhesion by preincubation of the bacterial 
suspension with a M Ah at a concentration of 5 p-g/ml and shear rates 
of IDO, 300, and 1,00(1 s" Data are representative of at least three 
independent experiments. 



rates of these groups when MAb 12-9 was tested at a saturating 
concentration of 10 p,g/ml (data not shown). These data sup- 
port previous studies demonstrating that while ClfA plays a 
primary role in enhancing adhesion to fibrinogen-coated sur- 
faces, it also increases the strength of the binding event (11). In 
this study, MAb 12-9 significantly inhibited the adhesion of 6". 
tmreuy in the parallel-plate flow chamber assay, while MAb 
|5£C(>; an antibody that binds to ClfA but does not inhibit 
ClfA binding to fibrinogen (Fig. I and 2), resulted in activity 
similar to that obtained with the isotype control, CRL-1771. 
The ability of MAb 1 2-9 to detach adherent S. aureus cells was 
also determined at various shear rates in the parallel-plate flow 
chamber assay, as shown in Fig- 4. In these experiments, MAb 
12-9 detached 7, 32, and 17% of the bound 5. aureus cells at 
shear rates of 100, 300. and 1,000 s"\ respectively. In contrast, 
MAbs T5EC6 and CRL-177I failed to detach significant num- 
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FIG. 4. Newman deslabilization experiments at an amibody cun- 
ccntratUm of 5 pglmi and shear rates of 100, 300, and 1,000 s ! . S. 
ffiuvus Newman WT alone was below the limit of detection. Data are 
representative of at least three independent experiments. 
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stuty Day 

FIG. 5. Prophylaxis in a murine mode! of 5. <mn™-induccd sepsis. 
(A) The biological activity of MAbs 12-9 and 35-052 was studied in a 
mouse septicemia model with MRS A strain 67-0. Percent survival of mice 
(n = 30) after treatment with anti-ClfA MAh 12-0 (dotted line) or 3Ufil 
(solid line) is shown. *, P < 0.0001. (B) The biological impact of inhibiting 
fibrinogen binding to S. aureus was evaluated with MAh* 12-9 (n = 29) 
and 15EC6 (n = 30), Mice were challenged i.v. with S. aureus strain 
Newman. Percent survival of mice after treatment with anti-ClfA MAp* 
12-9 (dotted line) and !±C6 (solid line) is shown, *, P < 0 006 



hers (<3%) of adherent 5. aureus cells (Fig. 4). Interestingly, 
less bacterial detachment was seen at the 1,000-s"' flow rate,' 
perhaps hecause the time of contact between Ihc destabilizing 
antibody, MAh 12-9, and the target adhesin was insufficient in 
the flow field at the elevated shear rate. 

Efficacy of MAb 12-9 in a mouse mode! of sepsis. To eval- 
uate whether anti-ClfA antibodies could protect mice against 
MRSA-inducec! death, two separate experiments were con- 
ducted. To investigate the nonspecific biological activity of 
MAbs bearing IgGl Fc domains, MAb 35-052 was compared 
with MAb 12*9, MAb 35-052 binds recombinant ClfA protein, 
but it does not recognize surface-expressed ClfA from S, au- 
reus 674), as determined by flow cytometric analysis (data not 
shown). Mice were pretreated by intraperitoneal injection of 
MAb 12-9 or 35-052. Figure 5 A demonstrates significant dif- 
ferences between the relative survival times of the treatment 

groups, Fifty-seven percent of the mice that received MAb 12-9 

1 ■ - 
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survived the bacterial challenge to day 15 (P < 0.0001; Fig. 
5A). In contrast, only 1(1% of the mice treated with the control 
MAb survived the study period. 

The second study was designed to begirt to assess the bio- 
logical impact of inhibiting S, aureus binding to fibrinogen in an 
in vivo model of S. aums-induotd death. In addition, the 
ellicacy of MAb 12-9 against a different strain of S. aumts 
(Newman) was evaluated. With Ihesc goals in mind, MAb 12-9 
(JgG I) was compared directly with MAb 15EC6 (IgGi). MAb 
15EC6, which recognizes the native version of ClfA expressed 
by 5. aureus strain Newman (data not shown), did not inhibit 
ClfA binding to fibrinogen and did not detach adherent S. 
aureus in the dynamic-flow system (Fig. 2 and 4), Although the 
overall survival rate of 12-9-trealed mice is somewhat lower 
than in the previous experiment, the MAb with inhibitory ac- 
tivity provided the best protection {P = 0.006) (Fig. 5B). This 
trend in the data was reproducible in at least three different 
experiments. The results suggest that inhibiting fibrinogen 
binding to S. aureus contributes to the overall protective effi- 
cacy of MAb 12-9. To our knowledge, this is the first report of 
a MAb against a cell surface protein from S. aureus that has 
demonstrated significant in vivo protection, 

DISCUSSION 

The continued emergence of multiple-antibiotic-rcsisram $, 
fiunws isolates originating from community and nosocomial 
sources necessitates the development of new approaches to the 
prevention and treatment of these life-threatening infections. 
The recent report of a vyneomycin-resisiant strain of S. aureus 
from a dialysis patient in Michigan serves to accentuate this 
public health problem (3). The existence of 5. aureus with 
limited susceptibility to vancomycin represents the potential 
for infection with a virulent organism for which the therapeutic 
Options are severely limited (42). To date, much of industry's 
drug development eirorts have focused on enhancing the po- 
tency, while eliminating the side effects, of currently estab- 
lished classes of aniimierobials (47). The implementation of 
genomics and high-throughput screening has broached the 
possibility of developing truly new classes of antimicrobials; 
however, it may be several years until newly developed com- 
pounds can be fully evaluated in a clinical setting. Another 
viable approach is passive immunization with MAbs or poly- 
clonal antibodies, in combination with antibiotics for the treat- 
ment of established infections. Traditionally, these biological 
approaches to the treatment and prevention of bacterial infec- 
tions or sepsis have been littered with failures. Because the 
biological basis of benefit in the previous studies relied on the 
neutralization of potent immunomodulatory that act in concert 
within a complex scries of pathways, the variability of the 
clinical responses was considerable. In addition, the tremen- 
dous heterogeneity in the patient population receiving the 
early antibody-based products, such as HA-1 A MAh (anti-lipid 
A on lipopolysaecharidc) (21, 45) or tumor necrosis factor 
alpha MAb (1, 8), contributed significantly to the well-docu- 
mented failures. 

^ In contrast to bacterial sepsis, the use of antibodies to prevent 
viral- infections has had substantial clinical success (41). For ex- 
ample, palivizumab (Synagis), a humanized MAb for the preven- 
tion of serious lower respiratory tract disease caused by respira- 
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tory syncytial virus (RSV) in pediatric patients, \m been shown to 
reduce RSV hospitalizations (19). Moreover, specific hyperim- 
mune immune globulins against hepatitis B (35) or cytomegalo- 
virus (4o) for the prevention of infection in high-risk or exposed 
patients have been used effectively for a number of years. These 
data suggest that antibodies could be used successfully in the 
infectious-disease arena. In fact, a recent review by Keller and 
Stiehm highlighted the use of passive immunization for the pre- 
vention and treatment of infectious diseases (18). 

Previously, we reported that SA^IGIV, a donor-selected im- 
mune globulin containing elevated levels of polyclonal anti- 
bodies against CHA, was protective in a murine model of 
MRSA-mediated sepsis (16), To further validate the concept 
that MSCRAMM proteins are relevant targets for the devel- 
opment of antibody-based therapies, an extensive panel of 
murine MAbs against Of A were generated. The ideal charac- 
teristics of a MAb for the prevention and treatment of S, 
aureus infections should include specific high-affinity binding to 
a conserved, surface-exposed antigen; potent inhibition of bac- 
terial binding to host tissue components; and protective effi- 
cacy in animal models. This report describes several assays 
designed as characterization tools from which one specific 
clone, designated 12-9, was selected for further study. 

BfAcpre provided a rapid method by which to analyze an- 
tibody-binding kinetics and also to simultaneously determine 
which antibodies could inhibit recombinant ClfA binding to 
human fibrinogen. Of the thousands of ClfA MAbs screened, 
12-9 exhibited the highest affinity (K lh 2.10 X 10- ,M M) and the 
slowest Off rate (4, 18 X I0" 4 5' 1 ). Interestingly, MAb 12-9 also 
possessed the most potent inhibitory activity. Other ClfA 
MAbs that were analyzed with BlAcore often yielded mixed 
binding activities* for example, a high affinity and quick off rate 
or a low affinity and a slow off rate (data not shown). Addi- 
tionally, these MAbs did not exhibit the same inhibitory activ- 
ity as MAb 12-9. Taken together, these data suggest that the 
overall in vitro potency of MAb 12-9 is attributable largely to 
its binding kinetics. Similarly, in a direct comparison of MAbs 
recognizing F glycoprotein from RSV, BlAcore analysis re- 
vealed that MEDI-4^3 exhibited a higher affinity, a faster on 
rate, and a slower off- rate than RSHZ19 (15). Interesting^ in 
subsequent phase III clinical trials with at-risk infants, the 
mare potent MAb, MEDI-493, exhibited superior etlicacy (2), 

Historically, polyclonal antibodies that have been developed 
against S. aureus have been limited by their serotype specificity 
(12, 13), consequently recognizing only 75 to 80% of all 5\ 
aureus clinical isolates (43). A more attractive approach is the 
selection of an- antibody that could bind wjth high affinity to a 
more significant proportion of 5. aureus clinical isolates. With 
this requirement in mind, a major focus of this study was the 
selection of a MAb that recognized a conserved epitope ex- 
pressed by different SALs, particularly virulent and antibiotic- 
resistant strains. In this study, we analyzed 1 1 6'. aureus isolates 
representing all 1 1 clonal variants (10). In addition, other clin- 
ical isolates representing mcthieillin-rcsistant SAL isolates as 
described by Booth et al. (5) were studied. Because only the 
ligand-binding domain of ClfA was used to generate MAb 
12-9, it was important to determine that the epitope was 
present in a native conformation and that the epitope was 
prevalent among clinically relevant SALs. In a flow cytometry 
assay t MAb 12-9 effectively recognized every S. aureus isolate 
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analyzed, providing strong evidence that the native ClfA 
epitope is highly conserved. These data are supportive of pre- 
vious reports that indicate that the presence of the dJA gene 
(5, 34) and ClfA-mediated fibrinogen binding (9, 36, 5U) is a 
trail conserved in a vast majority of S. aureus strains. While 
these data may be semiquantitative in nature, it is important to 
note that the flow cytometry analysis reveals the percentage of 
positively staining cells at one point in the time of S. aureus 
isolate cell growth. It is also important to note that the per- 
centage of positively staining cells was recorded under in vitro 
growth conditions, while environmental conditions in vivo may 
contribute to different levels of ClfA surface expression. 

Having demonstrated that MAb 12-9 was broadly reactive 
among S. aureus strains and also inhibited the adherence of 
whole cells to fibrinogen, we assessed the prophylactic efficacy 
of this antibody in a murine model of MRSA sepsis. A single 
infusion of MAb 12-9 prior to u challenge with the heterolo- 
gous clinical MRSA isolate effectively protected mice against 
sepsis-associated death. The prolonged protective efficacy of 
MAb 12-9 is consistent with a projected half-life of approxi- 
mately 150 to 200 h (data not shown). However, the ability of 
a single MAb to protect against a significant i.v. challenge was 
surprising given the fact that this strain also expresses a num- 
ber of virulence factors. 

To summarize, we have shown that MAb 12-9 provides signif- 
icant protection against lethal infection by S. aureus. We hypoth- 
esize that the antibody is effective because of its desirable binding 
kinetics and its ability to inhibit and destabilize ClfA-fibrinogcn 
interactions. However, in addition to its potent inhibitory activity, 
one must also take into account the contribution of enhanced 
phagocytosis of S. aureus to the composite biological activity of 
the MAb, In fact, flow cytometric assays with a humanized version 
of MAb 12-9 indicate that the antibody specifically enhances the 
uptake of GlfA-coated beads by human polymorphonuclear neu- 
trophils (unpublished data). Future studies will focus on' delineat- 
ing the roles that inhibition of fibrinogen binding and opsonoph- 
agocytosis play in the overall efficacy of the antibody. Taken 
together, these studies suggest that MAb therapy may be an 
efficacious approach to the treatment and prevention of life- 
th reaten i ng S. aureus infections, 
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